Key words: frequency of fish intake, self-reported diabetes, men, women, NFHS-3, India Objectives: Recent studies have shown that the choice of foods plays a role in diabetes prevention. However, little empirical evidence on this association exists in developing countries. We aimed to examine the association between frequency of fish intake and self-reported diabetes status among adult men and women in India.
INTRODUCTION
A prudent diet is a key component of a healthy lifestyle for preventing type 2 diabetes [1, 2] . Though fish, particularly oily fish, is generally considered to be an important part of a healthy diet, concerns have been raised that fish consumption is associated with a higher risk of developing diabetes [3, 4] . However, the emerging scientific evidence for this association is not consistent and most previous studies have been conducted in developed countries. For example, fish and seafood consumption have been associated with low prevalence of chronic diseases (including diabetes) in Greenland Inuit populations consuming a predominantly marine diet [5] . Cohort studies have shown protective effects of fish intake against the development of diabetes in the elderly [6, 7] , and an ecological study similarly reported a protective effect in populations with a high prevalence of obesity [8] . Other prospective studies suggested that white and oily fish consumption may be beneficial for reducing risk of diabetes [9] but shellfish intake seems to be associated with an increased risk [9] . Findings from cross-sectional studies have reported inverse [10] [11] [12] , no [13] , or positive [4, 14] associations between habitual fish intake and diabetes.
Despite a growing prevalence of type 2 diabetes in Indian populations, in both rural [15, 16] and urban areas [17] [18] [19] [20] , there is little empirical evidence on the specific food items that may be contributing to this, including the potential role of fish consumption. The independent association between frequency of fish intake and diabetes prevalence is not well documented, particularly in developing countries. India's third National Family Health Survey (NFHS- 3, [2005] [2006] collected data from 109,041 households on a wide range of dietary, societal, lifestyle, and environmental determinants of morbidity and chronic ailments including diabetes [21] and provides a unique opportunity to study the association between frequency of fish consumption and the prevalence of diabetes in a large, nationally representative sample.
MATERIALS AND METHODS

Data
Data from the NFHS- 3 (2005-2006) were used for this study. Details of survey objective, survey method including sampling frame, and questionnaire used are provided in the survey report [21] . Briefly, this survey (also available at http://www.iipsindia.org) was designed on the lines of the Demographic and Health Surveys (DHS; available at http://www.measuredhs.com) that have been conducted in over 90 developing countries since the 1980s. NFHS-3 collected demographic, socioeconomic, and health information from a nationally representative probability sample of 124,385 women aged 15-49 years and 74,369 men aged 15-54 years residing in 109,041 households. The sample is a multistage cluster sample with an overall response rate of 98% (95% for women and 87% for men) [21] . All states of India are represented in the sample (except the small Union Territories), covering more than 99% of country's population. The analysis presented here is restricted to the 99,574 women and 56,742 men aged 20-49 years living in the sample households. We excluded age below 20 years to avoid any cases of childhood diabetes for which the etiology and risk factors might be different; age above 50 years is also excluded for comparison purpose because information for women age above 50 years was not collected in the survey. Fig. 1 shows the exclusions and final sample sizes for the analysis.
Outcome Evaluation. The survey asked participants the question, "Do you currently have diabetes?" with response options of yes, no, and don't know. Data on physician-reported diagnosis of diabetes and fasting blood glucose were available in the NFHS-3 to verify a self-reported diagnosis.
Dietary Predictor Variables and Covariates. The survey collected information on demographic and socioeconomic factors, anthropometric measurements, and dietary intake through personal interview. Consumption of selected foods was assessed by asking, "How often do you yourself consume the following items: daily, weekly, occasionally or never?" related to fish consumption, milk or curd, pulses or beans, green leafy vegetables, other vegetables and fruits, eggs, chicken, or meat. Frequency of watching television (almost every day, at least once weekly, less than once weekly, not at all) was used as a measure of sedentary behavior. The survey also collected information on the use of tobacco directly by asking respondents to report on their own tobacco use. All eligible men and women who were interviewed were asked 4 specific questions on current use of tobacco (smoke and nonsmoker variants): "Do you currently smoke cigarettes or bidis?"; "In the last 24 hours, how many cigarettes or bidis have you smoked?"; "Do you currently smoke or use tobacco in another form?"; and "In what other form do you currently smoke or use tobacco?" The information from these 4 questions was used to ascertain exposure to tobacco smoke: yes, active smoker (person currently smokes) and nonsmoker (the person has never smoked). However, past smoking was not ascertained from the respondents. Use of alcohol was quantified as drinks taken almost every day, about once weekly, less than once weekly, and never.
Respondents were weighed using a solar-powered digital scale (SECA 874 digital scale; Seca GmbH & Co., Hamburg, Germany) with an accuracy of ± 100 g [22] . Their height was measured using an adjustable wooden measuring board (Shorr height board), specifically designed to provide accurate measurements (to the nearest 0.1 cm) [22] . Indian adult population standard [23] [24] [25] 
Statistical Analyses
Descriptive statistics were calculated with use of standard methods (such as frequencies and percentages) in men and women separately. Categorical variables are presented as absolute and relative frequencies. Associations between categorical variables were tested by the calculation of the chi-square test. Multivariable logistic regression models were used to estimate the odds ratios of daily and weekly fish intake on diabetes prevalence after controlling for potential confounders and also examining the independent effects of other potential risk factors. To adjust for potentially confounding factors, we used multivariate logistic regression models, as follows:
where b 1 , b 2 , . . . , b i represent the coefficient of each of the independent variables included in the model, and e i is an error term. Ln[p/(1 − p)] represents the natural logarithms of the odds of the outcome variable or dependent variable, which in this case is diabetes. The odds ratios are thus the measures of odds of diabetes prevalence (response variable) as indicated by the main predictor variable (independent variable) such as frequency of fish intake (0 = never, 1 = daily, 2 = weekly, 3 = occasionally) and other dietary (all coding same as fish intake) and socioeconomic and demographic confounders and effect modifiers such as BMI, smoking, alcohol consumption, and TV watching. This model has been used to elicit the net effects of each of the explanatory variable while accounting for the other predictor variables under analysis on the likelihood of suffering from diabetes. The response variable (self-reported diabetes) has been categorized into two mutually exclusive and exhaustive categories: respondents reporting suffering from diabetes (coded as 1) or respondents reporting not suffering from diabetes (coded as 0). With regard to the direction of logit coefficients, odds greater than 1 indicate an increased probability that women will have a high chance of suffering from diabetes, whereas odds greater than 1 one indicate a decreased probability. The logistic regression equation estimates the effect of one unit change in the independent variable (when x is discrete) on the logarithm of odds (log-odds) that the dependent variable takes when controlled for the effects of other independent variables [26] [27] [28] . The parameters in the logistic models were estimated using the maximum likelihood method.
The following models were constructed to account for potential confounders and mediators. Model 1 presents unadjusted results; model 2 presents results adjusted for the frequency of consumption of other food items (milk or curd, pulses or beans, green leafy vegetables, other vegetables and fruits, eggs, chicken, or meat); model 3 included additional adjustment for current tobacco smoking, alcohol consumption, TV watching, and BMI because these factors may mediate the association between fish intake and diabetes; model 4 is adjusted for all risk factors, mediators, and confounders to demonstrate any independent effect of fish consumption. We also conducted a cross-spousal sensitivity analysis to examine this association in couples (n = 39,257). We examined a possible interaction between frequency of fish intake and sex by using a log-likelihood ratio test in model 4 and found the interaction to be significant (p < 0.0001). The log-likelihood ratio test (lrt) is performed by estimating two models and comparing the fit of one model to the fit of the other. Removing predictor variables from a model will almost always make the model fit less well (i.e., a model will have a lower log likelihood), but it is necessary to test whether the observed difference in model fit is statistically significant. The lrt does this by comparing the log likelihoods of the two models; if this difference is statistically significant, then the less restrictive model (the one with more variables) is said to fit the data significantly better than the more restrictive model. If one has the log likelihoods from the models, the lrt is fairly easy to calculate. The formula for the lrt statistic is a Women who were pregnant at the time of the survey or women who had given birth during the 2 months preceding the survey were excluded from these measurements. b The survey also collected information on use of tobacco directly by asking respondents to report on their own tobacco use. Four specific questions ("Do you currently smoke cigarettes or bidis?"; "In the last 24 hours how many cigarettes or bidis did you smoke?"; "Do you currently smoke or use tobacco in other form?"; and "In what other form do you currently smoke or use tobacco?") on current use of tobacco (smoked and nonsmoked variants) were asked of all eligible men and women who were interviewed. The information from these 4 questions was used to ascertain exposure to tobacco smoke-yes, active smoking (person currently smokes) and no smoking (the person has never smoked). c Education: illiterate (0 years of education), literate but less than middle school complete (1-5 years of education), middle school complete (6-8 years of education), high school complete or more (9 + years of education). d Others include Sikh, Buddhist, Christian, Jain, Jewish, Zoroastrian. e Scheduled castes and scheduled tribes are identified by the government of India as socially and economically backward and needing protection from social injustice and exploitation. Other backward class is a diverse collection of intermediate castes that were considered low in the traditional caste hierarchy but are clearly above scheduled castes. Others is thus a default residual group that enjoys higher status in the caste hierarchy. f The wealth index has been developed and tested in a large number of countries in relation to inequalities in household income, use of health services, and health outcomes.
It is an indicator of the level of wealth that is consistent with expenditure and income measures. The economic index was constructed using household asset data and housing characteristics such as household electrification; type of windows; drinking water source; type of toilet facility; type of flooring; material of exterior walls; type of roofing; cooking fuel; house ownership; number of household members per sleeping room; ownership of a bank or post office account; and ownership of a mattress, pressure cooker, chair, cot/bed, table, electric fan, radio/transistor, black-and-white television, color television, sewing machine, mobile telephone, any other telephone, computer, refrigerator, watch or clock, bicycle, motorcycle or scooter, animal-drawn cart, car, water pump, thresher, and tractor. g Number of men and women varies slightly for individual variables depending on the number of missing values.
Therefore, we presented the adjusted results for both the total sample and adjusted analysis stratified by sex. All reported p values were based on 2-sided tests. Because certain states and certain groups of respondents were oversampled in the survey, sample weights were used to restore the representativeness of the sample [21] .
Results are presented in the form of odds ratios (ORs) with 95% confidence intervals (CIs). The estimation of confidence intervals takes into account the design effects due to clustering at the level of the primary sampling unit. Before carrying out the multivariate models, we tested for the possibility of multicolinearity between the variables. In the correlation matrix, all pairwise Pearson correlation coefficients are <0.5, suggesting that multicolinearity is not a problem. All analyses including the logistic regression models were conducted using the Statistical Package for Social Sciences software version 19.0 (IBM SPSS Statistics, Chicago, IL).
Human Subject Informed Consent
The analysis is based on secondary analysis of existing survey data with all identifying information removed. The NFHS-3 survey was approved by the ethical review boards of the implementing agencies and the Indian government. Participation in the survey was totally voluntary. The survey obtained written informed consent from each respondent (in this case, men and women included in the analysis) before asking questions and separately before obtaining height and weight.
RESULTS
A very low percentage (6.5%) of respondents reported daily fish intake; almost one-fourth (23.3%) reported weekly fish intake and more than one-third (34.2%) reported never consuming fish (see Appendix, Table A1 ). Daily fish intake was more common in respondents in the youngest (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) age group than in the oldest (40-49) age group (40.1% vs 25.1%; p < 0.0001) and those with higher socioeconomic status, living in rural areas compared to urban areas (61.4% vs 39.9%; p < 0.0001), those in households with the highest wealth quintile compared to lowest wealth quintile (31.9% vs 8.2%; p < 0.0001), among respondents belonging to other caste/tribe status category compared to low caste (44.0% vs 3.4%; p < 0.0001), and among those who completed middle school education compared to those with higher education (50.5% vs 15.4; p < 0.0001; see Appendix, Table A2 ).
The overall prevalence of diabetes was higher in men than women (1.3% vs 1.1%; p < 0.0001; Table 1 ). Men and women who consumed fish daily (2.4% and 2.3%, respectively) or weekly (1.7% and 1.4%, respectively) were more (p < 0.0001) likely to have diabetes than those who never consumed fish (1.0% and 0.9%, respectively). Diabetes was more common among both men and women who consumed milk or curd, eggs, chicken, or meat daily or weekly, never consumed pulses and beans or fruits, were either overweight or obese, watched television almost every day, were in the oldest age group, lived in urban areas, and lived in wealthier households (all p < 0.0001). Higher associations (p < 0.0001) between age and diabetes prevalence were observed. Diabetes prevalence increased with increasing household wealth and was almost double in urban women and men compared to their rural counterparts. Table 2 shows associations between daily and weekly fish consumption and diabetes in unadjusted, partially adjusted, and fully adjusted models. In the unadjusted analysis, odds of having diabetes were 2.6 times higher (OR = 2.56; 95% CI, 2.19-2.99) among those who consumed fish daily and 1.6 times higher (OR = 1.61; 95% CI, 1.42-1.81) among those who consumed fish weekly than those who never consumed fish. Controlling for consumption of other food items (in model 2) reduces the effect of daily fish intake on diabetes prevalence (OR = 2.03; 95% CI, 1.61-2.57). The effect of daily fish intake remains virtually unchanged (OR = 2.13; 95% CI, 1.80-2.52) when BMI and other lifestyle factors are additionally controlled in model 3. Even when the socioeconomic control variables and other risk factors are included in model 4, the effect of daily (OR = 2.02; 95% CI, 1.59-2.57) or weekly (OR = 1.55; 95% CI, 1.25-1.93) fish consumption still has a large and statistically significant (p < 0.0001) effect on the prevalence of diabetes.
Associations between frequency of fish consumption and diabetes stratified by sex are presented in Table 3 . The adjusted effect of daily (men: OR = 2.46; 95% CI, 1.66-3.65; women: OR = 1.72; 95% CI, 1.26-2.33) and weekly (men: OR = 1.77; 95% CI, 1.24-2.53; women: OR = 1.41; 95% CI, 1.07-1.87) fish consumption on the prevalence of diabetes was statistically significant in both men and women although the odds ratio was greater in men.
Bivariate association between wives' and husbands' fish consumption pattern in India is presented in Table A3 in the Appendix and findings from the cross-spousal multivariable regression analysis on 39,257 couples are presented in and Table 4 . The adjusted odds of a husband having diabetes was 1.15 (95% CI, 0.76-1.74) when he consumed fish daily or weekly; the odds increased to 1.4 times more (95% CI, 0.92-2.01) when his wife consumed fish but he did not in comparison to those couples who never consumed fish. The adjusted odds of a wife having diabetes was 1.4 times higher (95% CI, 0.98-2.02) when she consumed fish daily/weekly and was 1.2 times more (95% CI, 0.87-1.68) when her husband consumed fish but she did not.
DISCUSSION
The results of this nationally representative cross-sectional study do not support the hypothesis that fish intake is protective against diabetes in adult Indian populations. Instead, we observed a significantly higher likelihood of diabetes among respondents consuming fish either daily or weekly when compared to those who do not eat fish. The association is robust after controlling for other risk factors such as consumption of other food items, BMI, tobacco smoking, alcohol drinking, and a range of socioeconomic and demographic characteristics. Our study is the first cross-sectional, population-based study to look at frequency of fish consumption and prevalence of diabetes in an Indian adult population and adds to the limited data on the associations between frequency of fish intake and diabetes prevalence in developing countries. However, data from previous studies of the relation of fish intake to diabetes risk are inconclusive. Accumulated evidence generated from a recent meta-analysis [29] of data from 438,000 individuals in 12 independent prospective cohorts with an average 11-year follow-up does not support an overall inverse association of fish or fish oil intake with the incidence of diabetes. An inverse association between fish intake and diabetes incidence was also found by combining studies conducted in Eastern (such as China and Japan) but not in Western countries (such as Finland, The Netherlands, the UK, and the United States) [29] . Another recent systematic review and meta-analysis [30] that included 527,441 participants and 24,082 diabetes cases reported heterogeneity between geographical regions in observed associations of fish consumption and risk of type 2 diabetes. The study found, for each serving per week increment in fish consumption, the relative risks (95% CIs) of type 2 diabetes were 1.05 (CI, 1.02-1.09), 1.03 (CI, 0.96-1.11), and 0.98 (CI, 0.97-1.00) combining US, European, and Asian/Australian studies, respectively [30] .
Inconsistencies in the observed effect of fish consumption and diabetes in different populations including India may also reflect different preparation methods. In India, fish is either eaten dried, fried, or fried and then cooked with vegetables, gravy, or lots of spices, condiments, and cooking oil. It may be that the method of fish preparation (frying) and the type and amount of cooking fat used and the accompanying condiments with which fish is often served in India may not be beneficial for diabetes rather than the fish itself. Frying fish, especially deep frying, might produce transfatty acids, which might modify the beneficial effect of fish. Fried fish was not significantly associated with diabetes risk in a UK study [9] . In an earlier report from the same study [9] , oily fish intake was associated with lower glycated hemoglobin, whereas another study [13] reported fried fish to be associated with higher glycated hemoglobin. In addition, the effect of fish intake on glucose metabolism may differ according to cooking method. Studies reported that compared to raw fish, deep-fried fish intake is associated with higher concentrations of contaminants [31] and may reduce the potential for favorable health effects due to a reduction in eicosapentaenoic and docosahexaenoic acids [32] . Patel et al. [9] observed an inverse association of type 2 diabetes with non-fried (fresh, frozen, or canned) fish intake but not with fried fish. The high consumption of non-fried fish in Japan might partly account for the inverse association between fish intake and type 2 diabetes in a recent study [33] . Salting and drying, which are used to preserve fish, can also modify the association between fish intake and prevalence of diabetes. A salty diet could deteriorate insulin metabolism [34] , and the drying of fish may accelerate the oxidation of polyunsaturated fatty acids, which in turn induces inflammation [35] and is a known predictor of type 2 diabetes [36] . Greater shellfish intake has been found to be associated with increased risk of diabetes in some studies [9] and the coastal states of India where plentiful sea/saltwater/shellfish are available are also the states where diabetes prevalence is higher [17] (see Appendix, Table A4 ). Environmental contaminants including low-level exposure to some persistent organic pollutants has recently become a focus because of their possible link with the risk of diabetes [37] . Studies reported that some environmental contaminants found in fish have been associated with higher diabetes risk in US populations [38, 39] but Villegas et al. [12] analyzed saltwater fish and freshwater fish separately to account for possible contamination of river water and found no evidence of a detrimental effect of freshwater fish consumption on the risk of diabetes. The contamination of freshwaters with a wide range of pollutants has become a matter of concern over the last few decades in India [40] [41] [42] . The natural aquatic systems in India have been extensively contaminated with heavy metals released from domestic, industrial, and other manmade activities [43] . Heavy metal contamination has devastating effects on the ecological balance of the recipient environment and a diversity of aquatic organisms [45, 46] . Studies from India show that there has been a high accumulation of heavy metals in freshwater fishes [41, [46] [47] [48] [49] [50] [51] [52] , which might explain the positive association between fish intake and diabetes in our study. For example, investigations [46] on the accumulation of heavy metals (Cu, Ni, Fe, Co, Mn, Cr, and Zn) were carried out on 3 commercially important fish, namely, murrel, catfish, and carp, in a north India market revealed that the Fe and Zn concentrations were the highest in all tissues analyzed, followed by Ni, Cu, Co, Mn, and Cr in almost all 3 species. Another study [52] evaluated the annual variation in Zn, Mn, Cu, Pb, and Cd concentrations found in muscle tissue of 4 fish species (Lates calcarifer, Mugil cephalus, Arius thalasinuss, Tilapia mossambica) of the polluted Uppanar River at Cuddalore in Tamil Nadu (India) in relation to that of river water sampled during the dry season summer (March-June) of 2010 and 2011. The results revealed that the average concentrations of the trace metals in the fish were in following order: Zn > Mn Cu > Pb > Cd [52] . The concentrations of the metals in the water and muscle tissue of fish at downstream were many times higher than those in the upstream of the river. Almost all of the heavy metals (Cu, Pb, Cd, Zn, and Mn) concentrations in the river water exceeded the permissible limits of Indian standards and the Cu, Pb, and Cd concentrations in the muscle tissues of any of the fish species exceeded the provisional tolerable weekly intake [52] . The typical size of fish eaten in India is different in rural and urban India. In rural India, people mostly prefer small fish, but the urban Indian population prefers larger fish. Larger fish would have more toxic substances in their body than smaller ones due to bioaccumulation, which might partly explain the high prevalence of diabetes in urban Indian population. Because diabetes prevalence is rapidly increasing in India and the urban population, further study of the possibility that exposure to persistent organic pollutants contributes to the etiology of diabetes is critical.
Fish is an assumed source of beneficial dietary protein, and recent studies showed that dietary protein intake, despite its known beneficial effects on weight loss, may in fact increase insulin resistance and the risk of developing type 2 diabetes [53] , which might be true for the positive association found in our study. Many people, and particularly patients with diabetes, will not sustain initially achieved weight loss, regardless ofthe chosen dietary strategy [54, 55] . Our study showed that a causal association was unlikely, but there is increasing evidence that dietary protein intake, under isoenergetic conditions, may indeed increase insulin resistance via activation of the mTOR/S6K1 signaling pathway [56, 57] .
We separately conducted a cross-spousal sensitivity analysis of fish consumption and diabetes status. If fish eating is a proxy for a social exposure (e.g., wealth), we would predict that those not eating fish would have the lowest prevalence of diabetes and those who consume fish would have the highest. The crossspousal result suggests a noncausal interpretation of the main finding. If fish eating was causally associated with diabetes, the effect of a husband's fish consumption on wife's diabetes and wife's fish consumption on husband's diabetes would have null odds ratios, whereas the direct associations of a wife's consumption on wife's diabetes prevalence and husband's consumption on husband's diabetes would have increased odds ratios. The adjusted ORs are all attenuated in our analysis, which would be expected particularly if the crude associations are due to confounding. It is likely that residual and unmeasured confounding explains the findings and suggests that there is no strong evidence for a causal association between fish consumption and diabetes status in Indian populations.
Strengths and Limitations of the Study
The strengths and limitations of this investigation also merit consideration. The strengths of our study include the use of large nationally representative study sample, which allows comparisons to be made between men and women and the ability to examine this association in an adult Indian population. In addition, rigorous precautions were taken in the NFHS to obtain reliable self-reported data: the survey used local terminology and commonly understood terms to describe the disease, rigorously trained interviewers and supervisors, and standard quality checks. The survey was conducted using an intervieweradministered standardized questionnaire in the native language of the respondent and a total of 18 languages were used in the survey with back-translation into English to ensure accuracy and comparability [21] .
The study has some limitations. The misclassification of dietary information in NFHS-3 data, although unavoidable, would most likely not allow for true associations. In addition, there is a possibility that the information derived from the NFHS-3 questionnaire, though critical to measure true dietary intake, is self-reported (instead of the use standard food frequency questionnaire or use of 24-hour recall method where the respondents have to estimate typical intake frequencies of food items and their portion sizes) and thus may not meet the standards of validity [58] despite the fact that NFHS-3 is a part of the DHSs conducted in more than 90 countries since the 1980s. Daily fish intake is rather low in India (6.5% among the sample respondents), which limited the possibility of studying the effects of high fish intake on diabetes prevalence. A higher fish intake was also associated with higher socioeconomic status in India; therefore, the participants in our study with higher exposure would also have been more likely to have regular health checkups. Given the high proportion of undiagnosed diabetes in developing countries (see http://www.worlddiabetesfoundation.org) where less than half of people with diabetes are diagnosed, there is a possibility that the exposure was associated with the likelihood of testing for diabetes, which may result in detection bias.
The prevalence of diabetes in this large nationally representative survey of adult people was comparatively low (about 1%), reflecting the young age of this population and the use of self-report rather than physician diagnosis or biochemical assessment [17] . We were also unable to distinguish between type 1 and 2 diabetes diagnoses because there was no clinical confirmation on the reported cases. In most urban parts of India the health system is well developed enough for diagnosis of symptomatic diabetes, but at younger ages (<30 years) diabetes may not be symptomatic and NFHS-3 prevalence estimates are undoubtedly conservative, particularly for rural India where diagnosis may be much less likely to occur. Using self-reported data may be a source of bias, especially in rural areas, due to factors such as lack of awareness, low educational status, limited access to health services, and hesitation in disclosing diagnosed diseases. However, this ascertainment bias is unlikely to have been differential with respect to fish consumption. In addition, previous research has shown good agreement for self-reported diabetes when compared with medical records in a US population [59] and that self-reported health conditions demonstrate the expected relationship with socioeconomic status in India [60] . In addition, our analyses considering respondents who reported an unknown diabetes status were nearly identical to the main analyses (data not shown). Although our sample was relatively young (<50 years for women and men both), it is representative of the young population of profile of India; 84% of the Indian adult population (18-69 years) and 47% of the total Indian population at all ages fall within the ages covered by this study [61] . Our study does exclude approximately 14% of the Indian population (men and women over the age of 50) due to the sample design of the NFHS. The prevalence of diabetes increases with age, and whether a similar socioeconomic and demographic characteristics-diabetes relationship exists among middle and older age groups in all parts India is not clear [62] , although our findings are consistent with the previous studies that have included older age groups.
Because this is a cross-sectional study, the entire study was with known diabetic subjects who might have altered their diet due to dietary advice based on diabetes control and the complications of diabetes. Therefore, the dietary choices of self-reported subjects with diabetes might have been modified to manage diabetes. Valid data on physical activity were not available in the NFHS-3, which is a limitation of this study because persons with healthier diets may be more physically active than others [7] , and the lack of physical activity data in particular may have confounded the results. It is, however, possible that physical activity has in part been accounted for indirectly by adjusting for body mass index. In the present study, adjustment for socioeconomic and demographic factors, residential location, religion, and caste/tribe status of the respondents did not markedly modify the adjusted result, suggesting that the associations found are not completely explained by nondietary lifestyle factors.
CONCLUSIONS
In a large nationally representative sample of adult men and women in India, significant positive associations between daily and weekly fish intake and diabetes were observed. However, this is an observational finding and uncontrolled confounding cannot be excluded as an explanation for the association; thus, these findings need further validation by longitudinal and clinical studies but may well have public health significance for the Indian population. More epidemiological research with better measures of frequency of food intake and clinical measures of diabetes are needed to validate the findings in a developing country. 
APPENDIX
